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SPECIFICATION 

1. Title of the Invention 

Liquid crystal filling method and apparatus 

2. Scope of Claims 

(1) A liquid crystal filling method characterized in that: a step of fixedly 
positioning a glass plate having a desired orientation film pattern, and on which an 
adhesive is applied; a step of dripping a fixed amount of liquid crystal onto a surface 
of the glass plate with the atmosphere; a step of aligning and overlapping with another 
glass plate having a desired orientation film pattern from above the liquid crystal; a 
step of applying a load to the periphery, excluding one side, of both of the glass plates, 
so as to bond both of the glass plates, and obtaining a glass substrate; a step of making 
air within voids of the glass substrate collect by using a vacuum while applying a load 
to the periphery, excluding one side; and a step of removing the air within the voids by 
applying pressure to the glass substrate, to which the load is applied in the periphery, 
excepting the one side, so as to stroke a center portion; are performed. 

(2) The liquid crystal filling method according to claim 1, characterized in that, 
within the atmosphere, the air within the voids is removed by applying pressure to the 
glass substrate, to which the load is applied in the periphery, excepting one side, so as 
to stroke the center portion. 
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(3) The liquid crystal filling method according to claim 1, characterized in that, 
within a vacuum, the air within the voids is removed by applying pressure to the glass 
substrate, to which the load is applied in the periphery, excepting one side, so as to 
stroke the center portion. 

(4) An apparatus that fills liquid crystal into voids in a glass substrate made 
from two or more glass plates that are bonded, characterized in that the liquid crystal 
filling apparatus is provided with: a liquid crystal dripping means for dripping a 
fixed amount of the liquid crystal; a station that makes it possible: to drip the fixed 
amount of the liquid crystal onto an upper surface of a glass plate on a lower jig fdr 
fixedly positioning the glass plate, to which an adhesive adheres, by using the liquid 
crystal dripping means; to pattern-align and overlap the glass plate with another glass 
plate, forming a glass substrate; and to place an upper jig, which applies a load to the 
periphery of the glass substrate and the lower jig, excluding one side of the glass 
substrate; and a station that is a vacuum chamber for holding the glass substrate along 
with the two jigs, and that is provided with: an air removing means connected to a 
vacuum pump for making a vacuum within the chamber, and for applying pressure so 
as to stroke the center of the glass substrate; and an opening means for opening the 
vacuum chamber to the atmosphere. 

(5) The liquid crystal filling apparatus according to claim 4, characterized in 
that: the lower jig forms a "u 11 shape in cross section, and is provided with a 
protrusion in an inner portion; and the upper jig forms an angular cross section, and is 
provided with an inner portion protrusion in an inner portion, which aligns with the 
protrusion and applies a load to the periphery, excluding one side of the glass 
substrate. 
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(6) The liquid crystal filling apparatus according to claim 4, characterized in 
that the air removing means is made from a roller driven by a cylinder. 

(7) The liquid crystal filling apparatus according to claim 4, characterized in 
that the air removing means is made from a spatula shape air removing member driven 

~by a cylinder. 

3. Detailed Description of the Invention 

The present invention relates to a liquid crystal filling method and a filling 
apparatus, and more specifically, to a liquid crystal filling method, and a filling 
apparatus, in which liquid crystal is filled into minute voids (8 to 10 \x) of a glass 
substrate that is a liquid crystal display element component. 

Up to now, the filling of liquid crystal into a liquid crystal display element is 
performed by introducing a glass substrate within a chamber, and vacuum evacuating 
the inside of the chamber. That is, by vacuum evacuating the inside of the chamber, 
the inside of minute voids of a glass substrate, for example, in which two soda-glass 
plates are bonded, is vacuum evaporated, and by next putting the vacuum evacuated 
glass substrate into the liquid crystal, and returning the inside of the chamber to 
atmospheric pressure, the liquid crystal fills the inside of the glass substrate due to the 
presisure difference between the inside of the chamber and the inside of the glass 
substrate. However, in accordance with advances in liquid crystal filling, the degree 
of vacuum within the glass substrate becomes worse, the pressure difference between 
the inside of the chamber and the inside of the glass substrate becomes smaller, and the 
liquid crystal filling speed becomes slower. There is a serious problem in that it takes 
approximately 90 minutes of filling time for Igrge glass substrates in particular, for 
example, in the case of large glass substrates on the order of 300 mm x 150 mm. 
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The present invention eliminates the problems involved in the conventional 
techniques, and an object of the present invention is to provide a method and a 
apparatus for filling liquid crystal at high speed into minute voids of a glass substrate 
of a liquid crystal display element, for example. 

Therefore, according to the present invention, there is provided a liquid crystal 
filling method in accordance with a structure in which: a step of fixedly positioning a 
glass plate having a desired orientation film pattern, and on which an adhesive is 
applied; a step of dripping a fixed amount of a liquid crystal onto a surface of the 
substrate with the atmosphere; a step of aligning and overlapping with another 
substrate having a desired orientation film pattern from above the liquid crystal; a step 
of applying a load to the periphery, excluding one side, of both of the glass plates, so 
as to bond both of the glass plates, and obtaining a glass substrate; a step of making air 
within voids of the glass substrate collect by using a vacuum while applying a load to 
the periphery, excluding one side; and a step of removing the air within the voids by 
applying pressure to the glass substrate so as to stroke a center portion; are performed. 

Then, as an apparatus for implementing this liquid crystal filling method, a 
liquid crystal filling device is provided, having as its main points that it is provided 
with a liquid crystal dripping means; a lower jig and an upper jig that make it possible 
to: fixedly position a glass plate, align patterns and overlap with another glass plate, 
and apply a load to the periphery, excluding one side, of a glass substrate made from 
these glass plates; and is a vacuum chamber for holding the glass substrate along with 
both of the jigs, being additionally provided with an air removing means. 

Regarding an embodiment of the present invention, a filling method is 
explained hereinafter based on Fig. 1. 
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In a process shown in Fig. 1(A), at the point where an adhesive lc for bonding 
two soda-glass plates la and lb, for example, an epoxy resin or the like, is applied by 
screen printing, the lower soda-glass plate la, which possesses a desired orientation 
film pattern not shown in the figures, is fixedly positioned to a lower jig 2 with a "u" 
shaped cross section and having a protrusion 2a. In addition, a necessary amount, 
plus on the order of 10 to 20%, of liquid crystal 4 is dripped by a fixed amount from 
above the lower soda-glass substrate la to a set position on an inner side of the 
adhesive lc within the atmosphere. By next inserting the upper soda-glass plate lb, 
on which spacers not shown in the figure are applied, and on which an orientation film 
pattern is formed, inside the lower jig 2, the orientation film pattern of both the glass 
plates la and lb is automatically aligned. Next, in the process shown in Fig. 1(B), by 
engaging the upper jig 3 in an angular cross section with the lower jig 2, an inner 
portion protrusion 3a of the upper jig 3 faces the protrusion 2a of the lower jig 2, and 
presses down on a portion of the adhesive 10 layer. The liquid crystal 4 and air 6 mix 
at this point. 

Note that the upper jig 3 may also serve as a weight for applying a load to the 
periphery of both of the glass plates la and lb so that a predetermined load is applied 
to the adhesive 10. Next, in a process shown in Fig. 1(c), if the soda-glass plates la 
and lb, and the jigs 2 and 3 are inserted into a vacuum chamber 5 in the state of the 
process shown in Fig. IB, and vacuum evacuation takes place, then the degree of 
vacuum within the soda-glass plates la and lb, and within the vacuum chamber 5 are 
such that the degree of vacuum within the vacuum chamber 5 is better, and therefore 
the two soda-glass plates la and lb flex as in the figure with the adhesive lc as a 
fulcrum. Voids in the center portion of the soda-glass plates la and lb become large, 
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and therefore the liquid crystal 4 moves by surface tension to the adhesive lc side, and 
the air 6 within the voids collects at the center of the soda-glass plates la and lb. 
The inside of the vacuum chamber 5 is next returned to atmospheric pressure by a 
process shown in Fig. 1(D). A little of the air 6 also remains in the center portion. 
Therefore, in a process shown in Fig. 1(E), if pressure is applied, for example, by 
applying a load to a roller 7 manufactured by natural rubber or the like, arid moving 
the roller 7 on the upper surface of the soda-glass plates la and lb so as to stroke them, 
then the air 6 within the glass substrate 1 made from both of the glass plates la and lb 
moves to one side Id which is opened, and the air can be removed. 

The structure of a filling apparatus for implementing the aforementioned 
filling method is explained next by using Fig. 2. A liquid crystal constant flow rate 
valve 8 according to air operation is attached to a cylinder 9 capable of upward and 
downward motion. A cover 10 that can be opened and closed is set on the vacuum 
chamber 5. In addition, a receiving jig 11 that can position the jigs 2 and 3 within the 
chamber 5 is set up, this receiving jig 11 is iattached to a cylinder 12 capable of upward 
and downward motion, this cylinder 12 is attached to the vacuum chamber 5, and a 
cylinder shaft 12a is vacuum sealed by an O-ring 13. 

There is adopted a structure in which a load is applied to the soda-glass plate 
la by the roller 7 if the aforementioned cylinder 12 is raised up to an upper edge 
position. A load is applied to the roller 7 by a spring 14. The roller 7 is attached to 
a rocker 15, and is driven by a cylinder 16. The cylinder 16 is attached to the vacuum 
chamber 5, and a cylinder shaft 16a is vacuum-sealed by an O-ring 17. A vacuum 
pump 18 is coupled to the vacuum chamber 5 by a vacuum pipe 19, and in addition, an 
atmosphere release valve 20 that can be opened to the atmosphere is attached to the 
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chambers. 

As an example relating to operation with the aforementioned structure, a case 
of using 300 mm x 150 mm soda-glass plates is explained. First, the cover 10 of the 
vacuum chamber 5 is opened to a horizontal position by a cylinder not shown in the 
figure. The lower jig 2 is positioned and placed on an upper side of the cover 10, and 
the lower soda-glass plate la is set within the lower jig 2. Next, the cylinder 9 is 
lowered, a nozzle of the liquid crystal constant flow rate valve 8 is lowered to a 
position approximately 5 mm from the upper surface of the lower soda-glass plate la, 
and a necessary amount of liquid crystal 4, approximately 0.3 cc plus 10%, is dripped. 
The cylinder 9 is raised after dripping, the upper soda-glass plate lb is inserted into the 
lower jig 2, and the upper jig 3 is engaged. With the weight of the upper jig 3 taken 
as 5 to 10 kg, these jigs 2 and 3 are positioned and set within the receiving jig 11 in the 
vacuum chamber 5. The cover 10 is shut, the vacuum pump 18 is operated, and the 
inside of the vacuum chamber 5 is made into a vacuum. The degree of vacuum at 
this point may be preferably on the order of 10" 1 to 10" 2 Torr. The soda-glass plates 
la and lb flex with the adhesive lc as a fulcrum by making the inside of the vacuum 
chamber 5 into a vacuum, the liquid crystal 4 moves in the adhesive lc direction, and 
the air 6 gather in the center portion of the soda-glasses la and lb. Note that voids in 
the adhesive lc layer are on the order of 10 |uim, and therefore the liquid crystal 4 
moves by surface tension to the adhesive lc layer side. The air 6 then gathers in the 
center portion of the soda-glass plates la and lb. If the vacuum pump 18 is stopped 
and the atmosphere release valve 20 is opened, then the flexed soda-glass plates la and 
lb become flat. Some of the air 6 also remains in the center portion in this state. If 
the cylinder 12 is then moved to an upper edge, the roller 7 comes into contact with the 
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surface of the soda-glass plate lb within the jigs 2 and 3, and a load on the order of 0.3 
to 1 kg is applied to the surface of the soda-glass plate lb by the roller 7. If the 
cylinder 16 is next advanced at a speed equal to or less than 5 mm/sec and pressure is 
applied so as to stroke, then the air 6 within the soda-glass plates la and lb moves to 
the one side Id side, and removal of the air 6 can be completed. Next, the cover 10 is 
opened, the jigs 2 and 3 are removed, and in addition, the glass substrate 1 is taken out 
of the jigs 2 and 3. If a load of 20 to 50 kg is applied to the glass substrate 1, the 
glass substrate 1 is placed in a hot air circulation oven, and the adhesive lc is cured, 
then the voids of the glass substrate 1 can be made to be from 8 to 10 fxm. 
Manufacturing can be performed in approximately 4 minutes from the setting of the 
soda-glass plates la and lb, to the liquid crystal 4 injection, the air 6 removal, and the 
removal of the jigs 2 and 3. 

Note that, although the air 6 is gathered in the center portion of the soda-glass 
plates la and lb within the vacuum chamber 5, and the air 6 within the soda-glass 
substrate 1 is removed by the roller 7 after opening the inside of the vacuum chamber 
5 to the atmosphere in the aforementioned embodiment, a similar effect can also be 
obtained by moving the roller 7 within the vacuum and removing the air 6. 

In addition, although an embodiment is explained in which the roller 7 is used 
as a means for removing the air 6, the present invention may also use a spatula shape 
air removing member. Further, although soda-glass is used in the aforementioned 
embodiment, other lead glass and borosilicate glass may also be used. 

As explained above, with the method of the present invention by dripping 
liquid crystal on a glass plate, cladding one more glass plate, setting this within a 
vacuum, making air within liquid crystal gather at the center of both glass plates, and 
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performing air removal by using an air removing means, the filling time, which 
conventionally requires on the order of approximately 90 minutes, can be completed in 
approximately 4 minutes. Air removal can be performed with certainty, and liquid 
crystal filling is completed. Therefore, it becomes possible to conduct tjie process at 
higher speed by approximately 20 times or greater. In addition, a glass substrate is 
insertied within liquid crystal accumulation in conventional liquid crystal filling 
methods, and therefore an increase of approximately 50% of the necessary amount .of 
liquid crystal adheres to an outer circumference of the substrate. The high cost liquid 
crystal is used wastefully because that adhering liquid crystal is wiped off. With the 
present invention, only the approximate necessary amount of liquid crystal is dripped, 
and therefore a superior effect, in which the manufacturing cost can be made 
inexpensive, can be obtained. 

In addition, the apparatus of the present invention has the above structure, and 
therefore it can satisfactorily implement the aforementioned method of the present 
invention, while there are effects that structure is reasonable and simple, and the like. 
4. Brief Description of the Drawings 

Fig. 1 is a perspective view for explaining a method of the present invention. 
Fig. 2 is a cross sectional view of an apparatus for implementing the method of the 
present invention. 

In the drawings: 
la upper soda-glass plate 
lb lower soda-glass plate 
lc adhesive 
1 glass substrate 
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